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TO MY WIFE 



PREFACE 

T* H E aim of this book is to set before the general 
A reader an account, neither too long nor too tech- 
nical^ the History of Astronomy, tracing its progress 
from early times, past the great names of celebrated 
pioneers down to our own day, when the develop- 
ment is so wide that the biographical element has 
perforce to give way. Of the many writers whose 
works I have consulted during the compilation of 
this volume, I feel bound to make special reference 
to the late Miss Agnes Clerke, the value of whose 
careful work to any one making researches in the 
same direction can hardly be over-estimated. My 
special thanks are due to the Astronomer Royal ; 
to Sir David Gill, Monsieur Loewy, Professor Frost, 
Professor Barnard, Professor Kiistner, Professor 
Weinek, and others ; and to the Royal Astronomi- 
cal Society for permission to use many of the illus- 
trations ; and to Mr P. Melotte, of the Royal Ob- 
servatory Photographic Staff, for much assistance in 
selecting and providing them. I take this opportun- 
ity also of expressing my indebtedness to several of 
my colleagues at the Royal Observatory, and especi- 
ally Messrs Lewis and Crommelin, for valuable hints 
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and corrections ; and also to my friend, Mr R. A. 
Streatfield, who has not only edited my manuscript, 
and corrected my quotations, but has also given 
general assistance in the preparation of the scheme 
of the book and of the illustrations, in respect of 
which my publishers have also taken a great deal 
of trouble, which I gratefully acknowledge. 

Old Charlton, S.E., 
August 9, 1907. 
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CHAPTER I 



EARLY NOTIONS 



AMONG the earliest traditions of every primitive 
race may be found traces of attempts to ex- 
plain the elementary phenomena of the heavenly 
bodies. It could hardly be otherwise, since the 
succession of day and night, of winter and summer, 
and the phases of the moon could not have passed 
unregarded, even in the most uncivilised times. 
Few, if any, other sciences can claim such high 
antiquity as astronomy, the elementary stages of 
which would seem almost coeval with the human 
race. This primitive astronomy, however, can 
hardly be regarded as a science, and we are without 
any authentic data as to the course and extent of the 
progress made by any of the ancient races from the 
simple noting of phenomena, to which Plato, criti- 
cising Hesiod, denies the right to the name of 
astronomy, towards the determination of the laws 
which govern them. Plato's criticism goes plainly 
too far, as observations are quite as indispensable as 
theory, but it leads us to infer that the theory in his 
time was not regarded as of very great antiquity. 

A 1 
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summer to winter. This cycle, obviously coinciding 
with the course of nature in the fields and woods, 
gave another and a more important time-unit. 

It is not so easy to fix the length of the year, 
however ; and the husbandmen, to whom it was of 
most importance, soon learnt to rely on a class with 
greater leisure to fix for them the seasons with 
greater accuracy. The priests naturally claimed 
and exercised this office, magnifying its impor- 
tance, elaborating ceremonial sacrifices, and thus 
strengthening their ascendency over the ignorant. 

They must soon have discovered that there is 
not an exact number of days in a month, or in a 
year, or of months in a year, and have set them- 
selves to systematic night observations to determine 
these relations with greater accuracy ; at the same 
time devising various schemes to evade the difficulty, 
especially that caused by the length of the month. 

They would notice that the moon followed 
roughly a certain path among the stars, and that 
the sun's path was nearly identical, and that at 
the same season of the year the sun's place in 
that celestial track was always the same. So that 
zone of the heavens came to be regarded as distinct, 
and the configurations of the stars in different parts 
of it were associated with different seasons, and 
divided into groups called constellations, and given 
names in order to define the sun's position, that is, 
the time of year. This zone has long been called 
the Zodiac 1 

1 The name signi6es Uyc things ; the only sign we use not answering this 
description is Libra, which was formerly the claws of Scorpio. 
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moon as a link, and associated the sun, by its means, 
with the constellation setting just after sunset Of 
these two methods one is usually associated with 
Egypt, the other with Chaldea, and it may easily 
be seen that from either of them great uncertainty 
is introduced into the solution of the problem so 
many have attempted, namely, to identify ancient 
dates by referring them to supposed zodiacal 
positions of the sun, or heliacal risings of stars, 
especially the former. For example, many centuries 
ago the sun was in the constellation of the Bull at 
the vernal equinox (that is the time when in his 
northward journey he has reached the half-way 
house, where, rising due east and setting due west, 
he makes the lengths of day and night equal). If, 
however, an inscription associates the sun with the 
Bull at the vernal equinox, it is quite possible that 
there is a moon also associated, and that it is the 
young moon that was in Taurus and not the setting 
sun. Hence an uncertainty of over 2000 years in 
the date. 

But our primitive astronomers found other celes- 
tial objects travelling in the zodiac besides the sun 
and moon ; four very obvious ones, and a fifth whose 
discovery is pre-historic. Two of these, now known 
as Venus and Mercury, never appear far from the 
sun, while the other three do. These were recog- 
nised as belonging to one class, and called wandering 
stars or planets. Their courses are performed in 
very different times, varying from about three 
months to thirty years, but their motions would 
be known on the average with fair accuracy soon 
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time of year, in addition to those of zodiacal ones, 
and in some cases with greater value owing to the 
greater brightness of some of the stars ; or in the 
north, where many of them would not set at all, and 
where those whose motion was slowest would have 
a special value for the primitive sailor, a value that 
is not yet lost 

So far, there is little difference between the 
astronomy of the nations of the East, Chaldea, 
Egypt, India and China, and that of the Incas, the 
Aztecs, the Druids, or the South Sea Islanders, or 
any other primitive race. The nations of the East, 
however, demand a short chapter to themselves. 
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stars and a star as large as the moon, to say nothing 
of the fact that there is a gap of 1 383 years between 
the first two eclipses, and that none of them, with 
one doubtful exception, can be identified earlier 
than the time of Ptolemy. We can admit that the 
early Chinese astronomers observed eclipses from 
.very early times, but it is certain that we. owe them 
practically nothing beyond a determination of the 
44 obliquity of the ecliptic" about 1100 b.c. at Lo-Scep. 15. 
yang, which confirms the secular diminution of that 
obliquity. The fact appears to be that the Jesuits 
who setded at Pekin in the seventeenth century 
taught the Chinese more astronomy than they ever 
knew before, but that the wily Celestials bluffed the 
Jesuits by producing records of past occurrences 
concocted by calculating backwards, or misled them 
by falsifying the dates of real ones, expressed 
in characters unintelligible to the foreigners. 
This seems to be the simplest way of recon- 
ciling the obvious sincerity of the belief of the 
Jesuits with the extreme improbability of its 
justification. 

A parallel case (totally irrelevant, however), I 
heard, from an old military officer who was em- 
ployed in Syria at the time of the trouble about the 
Druses. When the War Office objected to the 
amount of his claim for horse-hire and demanded 
vouchers, after first suggesting that he ought to 
have taken a cab, he turned out from his baggage 
a number of scraps of paper, washing-bills possibly, 
with some sort of marks on them, and forwarded 
them in the perfectly justifiable belief that an official 
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shaft-like opening in the northern face of the 
Pyramid It is also freely asserted that Egyptian 
temples were oriented to the rising-points of certain 
stars, and if sufficient latitude be given for an in- 
exact observation of a star, some star can usually 
be found which at some distant date might have 
answered the purpose. But in general it seems 
there is no direct evidence to connect any particular 
temple with any particular star, and even in the 
case of Sirius, whose identification in Egyptian 
mythology is less uncertain, there remains the 
doubt as to the altitude at which the observation 
would be taken. Another claim on behalf of Egypt 
is the tradition of the Greeks as to the long records 
of Egyptian observations. But as this is only a 
tradition, and as none of the Greek astronomers 
made use of any such observation, we may safely 
conclude that none were to be found, and that either 
none were taken or recorded, so that the tradition 
can only be explained on the "pride of race" 
hypothesis (since the Greeks claimed an Egyptian 
origin), or that the records had perished, in which 
case they cannot be said to have contributed any- 
thing more than Indian or Chinese annals to the 
progress of astronomy. 

There remains Chaldea, and here we are on 
rather firmer ground ; for besides the probability 
inferred from its proximity to the traditional cradle 
of the human race, there is the undoubted fact that 
the earliest observations used by Ptolemy were 
three eclipses observed at Babylon in 721 and 720 
b.c There is, moreover, indirect evidence that, in 
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in Eastern hands have produced very little 
theory. 

The Babylonian priests are said to have told 
Alexander the Great that their astronomical 
records went back 403,000 years. A very plaus- 
ible explanation of this is that at the rate of 
diminution of the obliquity of the ecliptic which See p. 15. 
they might have ascertained, on the erroneous 
assumption that the rate was constant, they had 
worked back to the date at which the obliquity 
would have been a maximum, i*. a right angle, 
which has been verified within a few years of the 
vast period given. If this is the case, there is a 
family likeness between this and the planetary 
conjunctions of the Indian and Chinese systems. 

But we must hasten on to still firmer ground. 
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be calculated, was first used in Greece. 1 We also 
now first hear of a Greek sundial, but both of these 
ideas may have been imported from Babylon. The 
most commanding figure of the century after Thales 
was Pythagoras, who travelled in the East and 
ultimately settled in southern Italy. He first 
suggested, without apparently regarding it as more 
than a speculative hypothesis, that the earth 
revolved round the sun, a doctrine occasionally 
taught by some of his followers, one of whom, a 
century later, taught also that the earth revolved 
daily on its axis. The school of Aristotle soon 
discarded the happy suggestion of Pythagoras, 
which was not revived for many centuries. It is 
claimed, however, that a century before Aristotle, 
Democritus of Abdera, " the laughing philosopher," 
held far juster notions, but his numerous works 
have perished. 

Meton and Euctemon at Athens observed the 
summer solstice of 432 B.C., the earliest reliable 
observation of the kind, if we regard those of the 
Chinese as doubtful. But their greatest achieve- 
ment was the "cycle of Meton." A luni-solar 
period, after which the sun and moon would be in 
the same positions relatively to the stars, was of 
great importance in fixing festivals, and had long 

1 The obliquity of the ecliptic If the sun were always in the equator the 
equinox would be perpetual instead of semi-annual ; but as this is not the case, 
the apparent motion of the sun takes place in another plane, cutting the 
equator at the equinoctial points, and the inclination of this plane (called the 
ecliptic, because eclipses only occur when the moon is in or nearly in the same 
plane) to the equator is called the obliquity of the ecliptic, and is half the 
difference of the meridian altitude of the sun when greatest (at mid-summer) 
and least (at mid-winter). 
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stars, having of course stationary points when the 
direction of apparent motion changed 

Eudoxus of Cnidus seems to have been the 370 b.c. 
first to try to express these motions with the aid of 
geometry ; for each separate motion — the daily 
rotation ; the monthly, annual, or other periodic 
revolution ; the motion in declination (i.e. northwards 
or southwards in relation to the stars); and other 
irregularities as they came to be noted — were 
sought to be represented by uniform circular motion, 
just as modern astronomers represent inequalities 
by periodic terms. The hypothesis of moving 
spheres is excellent, in so far as it represented, 
with more or less fidelity, the observed motions, 
and it is quite likely that at first this is all that was 
intended; but the increasing number of spheres 
became very unintelligible ; and, moreover, it began 
to be assumed that these spheres had a material 
existence, and carried the various celestial bodies in 
restricted orbits, thus to a great extent spoiling a 
useful conception. It must be borne in mind that 
trigonometry had not yet been invented. 

About half a century later — b.c 300 — we come 
to the earliest extant astronomical works, two 
books — "Of the Sphere which moves," and "Of 
the Risings and Settings of the Stars. " They are 
very elementary geometrical treatises, but they mark 
almost the commencement of geometrical astronomy. 
The writer, Autolycus, was a contemporary of 
Euclid, another celebrated geometrician. 

We have passed over many names generally 
associated with the progress of astronomy. 
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equal intervals, just before and after the equinox, 
the shadow would be equally above or below, as 
the case might be. 

Eratosthenes also measured the earth, which he 
believed to be a sphere. At noonday, at the 
summer solstice, the sun shone down a well at 
Syene ; while at Alexandria, 5000 stadia to the 
north, the shadow of a vertical stylus made an 
angle of ^ of a circumference with the stylus itself, 
hence the circumference of the earth was inferred 
to be 50 times 5000 stadia. This was probably 
fairly accurate in the circumstances, but the stadium 
differed at different times and places, and we do not 
know what value was employed. 

The next astronomer of note, Hipparchus, far 
transcends all his predecessors and contemporaries 
in reputation, the effect of his work being compar- 
able with that of Newton in its relative importance 
to the progress of astronomy in his time. He was 
born in Bithynia, but observed at Rhodes. He 
solved the problem, suggested by Plato, to represent 
the observed motions of sun, moon and planets by 
uniform circular motions. His hypothesis accounted 
for the apparent variability of the sun's motion 
by assuming that the earth was not in the centre 
of the sun's orbit, so that drawing a line through 
the earth and the real centre of that orbit, two 
"apses" are found, at which the sun's distance 
is respectively least and greatest (perigee and 
apogee), and where this motion will appear con- 
sequently quickest and slowest. Having adopted 
the hypothesis, Hipparchus proceeded to find the 
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and then arranged the available observations, 
adding more of his own, more than doubling the 
number available, so that some successor after the 
lapse of years might make effective use of them. 

Meanwhile he had partially corrected the value 
given by Aristarchus for the length of the year. 
Finding from a comparison of his own observation 
of a summer solstice with one made by Aristarchus, 
145 years before, that 365$ days was too long, he 
made it 1 minutes less, and thus still more than 4 
minutes too great, but much of this error is pro- 
bably due to the uncertainty of the observation of 
Aristarchus. 

A new star appearing in the heavens suggested 
to him the advantage of having a catalogue of the 
stars visible, so that their configurations should be 
known and new ones more easily detected. His 
catalogue contained 1080 stars, but the longitude of 
some of them, i.e., the angular distance at whidh 
they followed the intersection of the equator and 
ecliptic (the equinox), compared with the longitude 
found for the same stars by Aristyllus and Timo- 
charis 150 years before, showed an increase of 2 
degrees, showing that the equator was slipping back 
round the ecliptic at the rate of 48 seconds a year. 
The discovery of the " precession of the equinoxes " 
marks a notable advance in the science of astronomy, 
and the value found was within 5 per cent, of the 
truth. 

One other debt we owe to Hipparchus must be 
mentioned, which is nothing less than the invention 
of trigonometry, using chords wlyere sines are now 
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And by suitable adjustment of the proportions of 
the eccentric, the radii of the two circles and the 
planet's velocity, he managed to represent with fair 
accuracy the principal irregularities of the motions 
of the planets, especially the stationary points and 
retrogradations. 1 

He determined the parallax of the moon ; that is 
the difference between the direction of the moon as 
seen from a point on the earth and from the centre 
of the earth, from which the moons distance can be 
found as a multiple of the earth's radius. H is method 
was good but his result, as usual, erroneous. The 
same fate befell his redetermination of the amount of 
the precession of the equinoxes, which is in error 
to an extent five times as great as that of Hip- 
parchus. He published a catalogue of 1022 stars, 
being that of Hipparchus with a few omissions, but 
either his observations were very bad, or his tables 
of reduction erroneous, for the discrepancies in his 
catalogue are so great that it is confidently asserted 
that he did not observe the stars at all, or very few 
of them, but simply brought up the observations of 
Hipparchus to his own epoch by an erroneous value 
of precession. It is claimed in support of this view 
that his tables, though made out for different lati- 
tudes, contained no set for that of Alexandria, so 
that if he observed there he must have employed 
a troublesome and inaccurate interpolation for the 

1 If an observer stand at night near the middle of a circular track round 
which another man, while running continually, revolves, holding at arm's 
length a lighted torch, the torch only being visible, the motion of the light 
is something like that of a planet seen from the earth, and this is the motion 
assumed by Ptolemy. 
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THE ARABS 



OMAR himself was a fanatic whose belief that 
all those books which agreed with the Koran 
were unnecessary, and that all those which did not 
ought to be destroyed as heretical, justified him in 
the destruction of the store-house of learning, 
which the few scattered fugitives would have no 
chance of restoring. But some works had escaped 
the conflagration, and as time went on and the 
Arabs had leisure from fighting, they began to study 
and admire, and under the impulse of successive 
Caliphs the sciences, and astronomy in particular, 
slowly revived. Almamon, 813 a.d., had all pro- 
curable Greek works, including Ptolemy's Almagest, 
translated into Arabic, the obliquity of the ecliptic 
determined at Bagdad, and a degree of the meridian 
also measured Albategnius, some half century later, 
was the most celebrated astronomer of the Arabs. 
He was a Syrian prince, who after studying the 
Greek methods, began himself to observe, and soon 
discovered the inaccuracy of Ptolemy's value of the 
precession. He also determined with still greater 
accuracy the eccentricity of the orbit of the sun, but 
through too great faith in Ptolemy, made an error 
of two minutes in the length of the year. He dis- 
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great revolution was just approaching. For many 
centuries the Ptolemaic system had continued un- 
challenged. It sufficed to explain with fair accuracy 
the apparent motions of the celestial bodies ; and it 
made no great demands against the evidence of the 
senses. It would have fallen at once if any modern 
means of taking accurate observations had existed, 
for though it represented the direction and velocity 
of the various motions, it would have failed entirely 
when applied to the varying distances from the 
earth. Hipparchus had endeavoured to determine 
these with a special instrument, and had he suc- 
ceeded, the history of astronomy might have been 
very different. 

It remained for Copernicus to inaugurate a new 
era. This great man was born at Thorn, in Polish 
Prussia, in 1473, an d after studying medicine, found 
himself so strongly attracted to mathematics, that, 
having an uncle who was a bishop, he took orders 
with the view of having enough to live upon while 
pursuing his scientific studies. He saw that the 
daily rotation could be explained just as completely 
by the rotation of the earth itself from west to east, 
as by that of the whole universe from east to 
west But having to choose between the simplicity 
of the one, which Ptolemy had rejected as contrary 
to common sense, and the obviousness of the 
other, which Ptolemy had deliberately adopted 
in spite of the enormous motions it involved, 
Copernicus came to the opposite conclusion, and set 
to work to prove it the true one by demolishing the 
objections to it He pointed out that only relative 
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including Copernicus, and by the long series of 
careful planetary observations which he saw to be 
necessary to support his own or any other system, 
he provided the materials for the next great advance, 
which is due almost as much to him as to Kepler 
himself. 



CHAPTER VI 



KEPLER— GALILEO 



JOHANN KEPLER, the real founder of modern 
astronomy, after instruction under Maestlin, one 
of the first teachers to adopt the opinions of Coper- 
nicus, secured the appointment of " mathematician " 
at Gratz in Styria, and obtained the notice of Tycho 
Brahe by dissertations on celestial orbits. His 
position at Gratz becoming untenable on account 
of his religious opinions, which were of the school 
of the reformers, he ultimately came to join Tycho 
at Prague, and though a Copernican, in spite of the 
Dane's arguments in favour of his own system, was 
entrusted with the reduction of Tycho's observations 
of Mars, and soon afterwards came into practical 
possession of the whole collection of observations 
by the owner's death. He was obviously the man 
to be entrusted by the Emperor with the prepara- 
tion of the Rudolphine tables founded on Tycho's 
observations. For twenty years he laboured on 
them, at first under the ancient fixed idea of circular 
motion, which, however, he was finally compelled to 
abandon in favour of a new law, henceforward to be 
known as Kepler's first law of motion, to the effect 
that every planet moves in an ellipse of which the 
sim occupies one focus. As it was soon obvious 



CHAPTER VII 



NEWTON 



ISAAC NEWTON, born on Christmas Day 
1642, the day of Galileo's death, was in Cam- 
bridge at the time of the Great Plague, which drove 
him, among many others, to retire to the country 
for a while. Meditating upon the central force that 
keeps the planets in their orbits, it occurred to him 
that a force similar to that which causes a body to 
fall to the earth, might, by continually deflecting the 
moon from a natural straight path, constrain it to 
revolve about the earth. Having already proved 
from Kepler's laws that if planets described circular 
orbits about the sun, the force towards the sun 
would vary inversely as the squares of the distances, 
he computed the distance through which the moon 
is deflected in one minute from the tangent to her 
orbit, and found it 13 feet Then reasoning from 
the distance a body falls in a second at the earth's 
surface, and applying his law of the inverse square, 
he found that from this cause the moon would be 
deflected 15 feet, and this discrepancy led him to 
lay aside his brilliant conjecture. Several years 
later his mind was again directed to the same ques- 
tion, and in the interim a far more accurate measure- 
ment of a degree of latitude had been made by 
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the geometers of the last century, all presented 
with much elegance, will assure to the * Principia ' 
a pre-eminence above all the other productions of 
the human intellect.' ' 

It is quite possible that in this connection we owe 
a greater debt to H alley than is generally realised 
Halley attacked the problem of elliptic motion with- 
out success, starting from the principle of the inverse 
square. Failing to get any result from his own 
work or any real assistance from Hooke, who 
claimed to have solved the problem, he singled 
out Newton as the man for the investigation, and, 
finding it already disposed of, induced him to take 
it up again and elaborate it. He next persuaded 
him to send his book to the Royal Society, and 
convinced that body that it ought to be published ; 
but even then, owing to the Society's want of funds, 
the publication hung fire until Halley himself paid 
the expenses of it. 



CHAPTER VIII 

newton's successors : laplace 

T^XCEPT in his own country, Newton's theory 
-*— ' was received with great hostility. On the 
continent, where Descartes' theory of vortices, 
though only a hypothesis, and quite inapplicable 
to comets, had received much support, it was long 
before Newton's work received much recognition. 
Huygens, Leibnitz, Cassini, and others, though 
some of them admitted the truth of some part of 
the hypothesis, each from his own point of view 
opposed the system as a whole. But after half a 
century Voltaire published a short but clear and 
popular treatise on Newton's principal discoveries 
in optics and astronomy, and from that date, 1738, 
Newton's principles may be said to have held the 
field. During the intervening period Newton's 
followers made no real advance, his method being 
so difficult that it is said that in that direction 
no further step, with one possible exception, 1 
has ever been made. Nevertheless his opponents 
were unconsciously working for him, by improving 
and perfecting the new calculus, which, after its 
invention by Newton and Leibnitz, made great 
progress under the latter and the Bernouillis, and 

1 M'Lawin's " Investigation of the attraction of an Ellipsoid." 

69 



NEWTON'S SUCCESSORS : LAPLACE 61 

tions, not perhaps on account of its real probability 
so much as for its simplicity and clearness. Briefly 
it suggests that the solar system was originally a 
nebula extending at least as far from the sun as the 
furthest member of the system; that this nebula 
was rotating and condensing, and that the high 
velocity induced in the outer portion, as the rotation 
velocity increased with the shrinkage by a well- 
known physical law, from time to time caused the 
outermost portion to break off in the form of a ring 
still revolving about the centre ; that some of these 
rings, by unequal condensation, gradually condensed 
into planets, with or without satellites, by a further 
application of the same principle, one of them, 
Saturn, having still a set of rings, hitherto uncon- 
densed, as rudimentary satellites, and one of the 
original rings, by more uniform condensation, having 
condensed into a large number of separate bodies, 
the minor planets, instead of into one system. The 
hypothesis has the advantage of giving an easy 
explanation for the rotation and revolution of all the 
members of the system with slight apparent ex- 
ceptions, 1 in the same direction, for their small 
deviations from one plane, and for their nearly 
circular orbits. Professor Newcomb at one time 
considered the probability of the truth of the 
hypothesis so strong as to be beyond the reach of 
further evidence, until the theoretical shrinkage of 

1 E.g. the satellites of Uranus. Comets cannot bt considered in 
the same category, as their original orbits are quite beyond the reach of 
investigation. 
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the sun be actually measured, or the condensation 
of another nebula actually observed. It may be 
remembered that the germ of the idea was given in 
Kant's " Cosmogony," but that Laplace first worked 
it out in detail. 




u 




CHAPTER X 

THE EARLY I^TH CENTURY — NEPTUNE 

AT the end of the 18th century, regular 
systematic observations were taken and 
published in their original form only at Greenwich. 
Lalande's "Histoire Celeste," contained thousands 
of observations of small stars mostly made at the 
Observatory of the Ecole Militaire, but most con- 
tinental observations appeared only in the various 
national ephemerides, and occasionally in the 
transactions of learned societies. But in the year 
1800 a new epoch began with the commencement 
of Zach's Monatliche Correspondenz, destined to 
make known regularly all that was being done in 
the astronomical world. Its publication, like most 
continental scientific work, was interrupted in 181 3, 
but it had successors, one of which, the " Astron- 
omische Nachrichten," founded by Schumacher in 
1821, still holds the leading place as an international 
channel for the communication of discoveries and 
observations. This new development came none 
too soon, for on the first day of the 19th century, 
Piazzi, at Palermo, a careful astronomer who took 
the invaluable precaution of repeating all his obser- 
vations after a comparatively short interval, dis- 
covered a star-like object in apparent motion, 

7t 
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known, for Piazzi had one at Palermo in the form 
of an altazimuth, and there was a small one at 
Greenwich. With these the zenith distance of a 
star on the meridian was found by quickly reversing 
the instrument about the vertical axis and taking 
two observations as near the meridian as possible, 
determining the error of the vertical axis by a 
plumb-line. The new mural circle, not being rever- 
sible, could not be used in the same way, but with 
it polar distances could be measured, the polar 
setting being found from observations of stars above 
and below pole. Pond, the Astronomer Royal at 
the time in succession to Maskelyne, introduced 
about 1 82 1 the method of taking observations of 
the same star at the same meridian passage in two 
parts, one direct and the other by reflection at a 
trough of mercury, which enabled the zenith distance 
to be determined. The next step was to combine 
the two meridian instruments, the transit and the 
mural circle, so as to enable the same object to be 
observed in both right ascension and polar distance 
or zenith distance by the same observer at the same 
time. Smaller instruments of this kind were gradu- 
ally being introduced, and in 1850 the Greenwich 
Transit Circle was set up, which is still in constant 
use. Meanwhile, clock-work motion for equatorials 
was also introduced, which enabled a celestial object 
to be followed easily, the motion of the clock counter- 
acting the effect of the earth's rotation and keeping 
the telescope pointed in the same direction in space. 
Improvements in the optical portion of telescopes 
were also keeping pace, the apertures increasing to 
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But while the new astronomical periodicals above 
referred to were doing yeoman service, especially in 
the matter of the speedy dissemination of news of 
discoveries, they were by no means the only signs 
of growing activity. In 1814 Bessel commenced 
the regular publication of the Konigsberg observa- 
tions, and Struve those of Dorpat, followed in 1820 
by the first volume of Vienna observations. The 
same period saw Piazzi's great catalogue of stars, 
and the beginning of Argelanders work at Abo. 
The United Kingdom also was not content with 
steadily increasing the staff and efficiency of Green- 
wich Observatory. The Dublin Observatory under 
Brinkley became active, though not attempting 
systematic publication. In 1823-24 the Cambridge 
Observatory was erected, and regular publication 
commenced with the advent of Airy in 1828, though 
he is far better known by his long tenure of the post 
of Astronomer Royal, in which he succeeded Pond 
in 1835. Soon afterwards regular publication was 
commenced under Dr Robinson at Armagh. In 
order to supplement the fundamental work of Green- 
wich by a southern observatory, the British Govern- 
ment founded one at the Cape of Good Hope, which 
was completed and equipped in 1829. Paramatta 
Observatory in New South Wales was founded and 
equipped by the Governor, Sir Thomas Brisbane, 
in 1822. On the continent of Europe also observa- 
tions were already growing numerous; and soon 
afterwards the impetus given by some early successes 
at Cincinnati, Harvard College, and elsewhere in the 
United States, inaugurated a period of activity 



CHAPTER XI 

HERSCHEL BESSEL — STRUVE 

IT was in 1818 that Bessel's great work already 
referred to appeared, containing Bradley's stellar 
observations uniformly reduced to the epoch 1755. 
Five years previously he had published the table of 
refractions from Bradley's observations, which he 
now improved with a revised theory; and in 1821 
and 1822 published, in the Konigsberg Observa- 
tions, a number of his own observations of stars near 
the horizon to correct the tables still further. These 
latest results succeeded in getting rid of a curious 
anomaly, by which nearly every astronomer who 
determined the obliquity of the ecliptic from the 
summer solstice obtained a greater value than from 
the winter solstice. Though various suggestions 
had been made to account for this, it was generally 
felt to be due in some way to refraction, and Bessel's 
new tables seemed to be conclusive on the point 
inasmuch as with them the anomaly disappeared. 1 

Other important catalogues remaining to be 
noted in addition to that of Piazzi in the early part 
of the century, are one of circumpolar stars, epoch 

1 There is still a little uncertainty attaching to determinations of constants 

depending on solar observations, a very recent suggestion being that the use 

of coloured shades in observing the sun causes a small systematic difference in 

the result. 
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supposed nearer, would show a parallactic displace- 
ment relative to the fainter, and that by using stars 
so apparently near together as to be visible in the 
same telescopic field, micrometric measures of the 
angle and distance would detect such displacement 
without the labour of determining the fundamental 
places. Some of the pairs examined by him did 
indeed show a relative displacement, but so far from 
this being an annual effect due to parallax, it became 
before long increasingly evident that it was an actual 
relative motion of the stars themselves, that by 
continued observation and measurement the period 
could be determined, and that the motion was such 
that the scope of Newton's laws could be extended 
to them, far beyond the limits of the solar system, 
inasmuch as in every one of these distant systems 
equal areas were described in equal times. Such 
was the origin of double star astronomy, a field 
entered with avidity by the celebrated Struve as 
soon as he was equipped with the great Dorpat 
refractor already mentioned. More than three 
thousand pairs of stars were catalogued by him, and 
a large number added by his son Otto Struve, so 
that the new branch established by Herschel was in 
no danger of neglect Herschel himself was not 
content with this development; he thirsted to dis- 
cover the origin and development of the systems 
seen in his telescopes, and following, though in- 
dependently, the notion already suggested by Kant 
and adopted by Laplace and others, turned his atten- 
tion to nebulae and clusters to search for evidence 
of progressive change. In the object sought he 
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and made a baronet on his return, but the rest of 
his life was mostly devoted to the work of cata- 
loguing the vast mass of observations already 
obtained, and even this as regards the double stars 
he did not live to finish, though he reached his 
eightieth year, dying in 1871. 
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days, and not only became, on publication, the usual 
method employed for such approximations, but 
also had the effect of directing his energies in the 
particular direction indicated. For many years he 
was the sympathetic adviser of contemporary 
workers, and his chief contributions to the list of 
discoveries include a periodic comet discovered in 
1815, which returned in 1887; two minor planets, 
Pallas and Vesta ; and, greatest of all, Bessel, whom 
Olbers himself considered as his crowning glory. 
Other workers in the field were many. We have 
seen how Caroline Herschel discovered no fewer 
than eight comets, being set to sweep the sky in 
horizontal bands for this purpose, in the intervals of 
her arduous labours as assistant to her brother. 
Far more prolific was Pons of Marseilles, whose 
discoveries, some thirty odd in number, include an 
inconspicuous object seen in 1818, the observations 
of which were taken in hand by Encke, with the 
unexpected but gratifying result that its period 
came out at 3 J years, which is still the shortest 
period known for a comet, and its identity was 
established with comets observed in 1786, in 1795 
(by Caroline Herschel), and in 1805 (by Pons him- 
self). Encke predicted its next perihelion return 
for 1822 May 24, and it was discovered, close to 
the predicted place, at Paramatta, being invisible in 
the northern hemisphere. The value of such a 
comet to astronomy is great, for it enables further 
light to be shed on the other members of the 
system. Encke's comet, as it was called, at peri- 
helion is within the orbit of Mercury, and the 
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increase rapidly in density towards the sun, so as 
to have no effect so far away as Mercury. Encke's 
comet, though fluctuating in brightness, does not yet 
show any great change, but its acceleration is no 
longer so great. The next periodic comet to be 
identified was discovered in 1826 by Biela and 
identified with comets seen in 1772 and 1805, with 
a period of between six and seven years. It was 
remarkable in other ways, first for the scare caused 
by Olbers' announcement that it would pass through 
the earth's orbit on 1832 October 29. It only 
reached that point, however, a month after the earth 
had passed it, so that the danger was not only very 
slight (as evidenced by the observation of Sir John 
Herschel of very faint stars through the substance 
of the comet without loss of light), but also remote, 
as the nearest approach to the earth was more than 
50,000,000 miles away. Its next remarkable feature 
was noted at the return of 1845-6, when it divided 
into two portions which pursued their way inde- 
pendently. It was just seen, the two components 
much further apart, at the next return in 1852, but 
never afterwards, at least not in the form of a 
comet. 

There seems no doubt that all periodic comets 
have become so in consequence of their " capture " 
by planets, whose influence would tend to draw 
into the system a comet coming within reach and 
travelling in the same direction round the sun as the 
planets, and expelling those whose motion was in 
the opposite direction. All known periodic comets 
do, in fact, follow the direction of the planets, that 



CHAPTER XIII 

THE SUN — ECLIPSES — PARALLAX 

IT is time for us to leave the fascinating study 
of comets and consider the progress of solar 
astronomy. The sun is a body so vast that if it 
were in the position of the earth it would include 
the moon, although the latter is nearly a quarter of 
a million miles from the earth. The historic pro- 
blem of the sun's distance reduces to that of finding 
a base line wherewith to compare it Aristarchus 
chose the moon's distance, but failed because it was 
impossible for him to determine when the moon was 
exactly half full. Hipparchus attempted to work 
from the diameter of the earth's shadow as shown 
by the progress of a lunar eclipse. His result was 
no better .than that of Aristarchus, both being 
twenty times too small, and no further progress 
whatever was made towards the solution until after 
the enunciation of Kepler's laws, showing the con- 
nection between the mean distances of the several 
planets. It was then seen that if the distance of 
Mars, for instance, could be determined, that of the 
sun would follow. From Tycho Brahe's observa- 
tions Kepler found that the sun's distance could not 
be less than about three times the distance given by 
Ptolemy. Improvement came with the invention of 

its 
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luminous envelope, which by the rotation would be 
impelled to assume a form similar to that of the 
earth, flattened at the poles and bulging at the 
equator, and that this difference of thickness of 
atmosphere between poles and equator involved 
different rates of radiation, which would correspond 
to the difference of temperature on the earth and set 
up the circulation required. The analogy is very 
pretty, and the parallel between the monsoon and 
cyclone of our lower latitudes and the solar disturb- 
ances in his corresponding regions is striking, but it 
is after all only an ingenious hypothesis. The next 
advance was made by Schwabe of Dessau, who 
began noting the number of spots to be seen every 
day the sun was visible, apparently without any 
definite object, but was soon provided with one, for 
the percentages of days on which spots were visible 
in successive years, commencing with 1826, were: 
93» 99» 100, 99, 82, 48, 56, 93, 100, 100, 100, 100. 
From this striking series of numbers, combined with 
certain other more or less definite signs of progres- 
sive change, which he did not fail to notice, such as 
the great rapidity of change half-way between the 
maximum and minimum, compared with the slow 
rate at those epochs, Schwabe felt confident that 
there was a true periodic variation in the phenomena. 
He continued his observations for twenty years 
longer in order to convince others, and ultimately 
succeeded in proving the existence of a period of 
about ten years. The completion of the analysis of 
his results must be deferred for the present, as he con- 
tinued working well into the latter half of the century. 
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a.d. 95. There had been historical eclipses before, 
mentioned by Herodotus and others, including the 
much-discussed " Eclipse of Thales " and " Eclipse 
of Agathocles." It is by means of these ancient 
eclipses that astronomy comes to the aid of history 
in helping to elucidate obscure points of chronology. 
It is, however, to be remarked that in more than 
one instance this aid is only partially successful, and 
leaves dates still uncertain, though the limits of un- 
certainty are narrowed. One great cause of this is 
the difficulty of deciding from the ancient record 
whether a given eclipse was or was not total, and 
this may very possibly be due to the brightness of 
the corona, though this is very inferior to that of the 
sun, or else it would be visible without an eclipse. 

Naturally enough, for many centuries such pheno- 
mena were regarded as prodigies and omens, the 
few scientific observations being directed towards 
the determination of the moon's mean motion. 
Solar total eclipses, moreover, are rare, and especi- 
ally so at any given place, none such having been 
visible in London, as H alley remarked, between 
1 1 40 and 1 7 1 5 ; and it was not until nearly the 
latter of these dates, in 1706, that anything like 
systematic physical observations of the phenomenon 
were recorded. From that date onwards the corona 
was regularly observed, with notes as to stars and 
planets visible during the obscuration of the sun, 
and in 1733 we have the first mention of reddish 
spots near the moon's limb. In 1766 four exten- 
sions of the corona were remarked, giving it the 
familiar " oblong " shape. But the first occasion on 

H 
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the ceiling from the surface of liquid in motion, and 
remarked the same phenomenon at the end of the 
eclipse. Similar notes were made by others, both 
there and elsewhere. The celebrated " Baily's 
beads," however, were not seen on that occasion, 
though it was principally with the idea of confirm- 
ing his previous observation made at the annular 
eclipse of 1836 that Baily went to Italy in 1842. 
He had, in 1836, noted that when about 90 per 
cent, of the moon's circumference had passed in 
front of the sun, the remaining arc suddenly took 
the appearance of a string of bright beads, irregular 
in size and distance, with intervening dark spaces, 
apparently glued to the sun's limb but gradually 
stretching away until suddenly the dark lines dis- 
appeared, and the moon appeared well inside the 
limb of the sun. This part of the phenomenon is 
obviously similar to the appearance already referred 
to in regard to the transit of Venus, the beads them- 
selves being due to the irregularities of the moon's 
limb. Partial confirmation had been obtained in 
America at the eclipse of 1838, but practically none 
in 1842. In India, however, in 1847 Captain Jacob 
once more obtained partial confirmation of Baily's 
observation. The want of uniformity in the occur- 
rence of the phenomenon is the principal stumbling 
block in the way of the general acceptance of the 
extremely plausible explanation that the cause is 
" irradiation," by which a dark body on a bright 
background appears smaller and a bright body on 
a dark background larger than it really is. Shadow- 
bands are often explained by a different optical 
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Horrocks himself actually made observations during 
the transit He was a young man of very great 
promise, whose very early death was a grievous loss 
to science. Dying in his twenty-first year, much of 
his writings being lost or destroyed in the Civil 
War, during which Crabtree also perished, there yet 
remains enough to secure him a high place among 
the successors of Hipparchus. His lunar theory 
supplies the explanation of the evection by a 
libratory motion of the apsides, and a variable 
eccentricity, and was probably of great value to 
Newton ; the notion of a disturbing force of the 
sun, and what is often called Hooke's experiment, to 
show how apsides move, are due to Horrocks, who 
also realised the failure of a swinging body to repre- 
sent the real facts, inasmuch as it moves about the 
centre instead of the focus of the elliptical path. He 
also worked during the last year of his life on the 
great inequality of Jupiter and Saturn, and projected 
investigations on comets and tides, and in the short 
time at his disposal, and with his very inadequate 
means, he made wonderful progress. In the early 
days of the Royal Society, when his papers were 
discovered and published, many must have echoed 
the cry of Dr Wallis, who edited the fragments, 
"Had he but lived, what would he not have 
done ? " 
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Lord Crawford's Observatory; but the most im- 
portant ones at the present day are those of the 
great American observatories, such as the Lick 
Observatory bulletins, the Yerkes Observatory 
bulletins, and the Harvard Observatory circulars. 
Some of the publications in the above list are 
not altogether confined to astronomy, as in 
observatory publications, for instance, space has 
often to be found for meteorology ; but, on the 
other hand, large numbers of scientific journals 
find space for a certain amount of astronomy, 
either in the form of extracts from astronomical 
journals, or occasionally in specially contributed 
articles. 

One other special set of annuals belongs also to 
this section, viz., the various national ephemerides, 
of which the most important are the Nautical 
Almanac, the Connaissance des Temps, the Berliner 
Astronomische Jahrbuch, and the Washington 
Ephemeris. Formerly many important papers were 
included as appendices in some of these almanacs, 
notably the Connaissance des Temps ; but the in- 
creasing facilities for publication elsewhere have 
practically put an end to the practice ; nothing, 
for instance, of this character appearing in any 
more recent number of the Connaissance than 
1878. 

The problems of spherical astronomy are of great 
antiquity ; and as in this branch of the science the 
exact causes of the celestial motions were not of 
vital importance, not so much is left for modern 
research, though advances in methods of computing 
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the lunar theory. At the beginning of the nineteenth 
century the secular acceleration of the moon's mean 
motion had already been investigated by Laplace, 
and early in the century his value for it was approxi- 
mately confirmed by Damoiseau and Plana, and 
again before the middle of the century by Hansen. 
But soon afterwards Adams took up the question, 
and found an error which had had the effect of 
doubling the real value. Hansen, however, in his 
lunar tables, published in 1857, ignored Adams's 
result, and used a slightly larger value than before. 
Delaunay thereupon attacked the question and con- 
firmed Adams's smaller value, which was ultimately 
accepted. The older value, however, seemed to 
satisfy the records of ancient eclipses better than the 
new one, which, therefore, left something further 
to be accounted for. It is possible that Co well's 
researches into the subject of ancient eclipses may 
supply the explanation, as his conclusions suggest 
that there is probably an unsuspected acceleration 
of the sun, i.e. of the earth's mean motion also, and 
that allowing for this the inconsistency disappears. 

Airy worked for years on a numerical lunar 
theory using the long series of Greenwich observa- 
tions, but was not himself satisfied with the work. 
Newcomb published corrections to Hansen's tables 
and contributed also to the theory. G. W. Hill, 
another American mathematician, attacked the whole 
lunar theory in a different manner, and also con- 
tinued the work left unfinished by Delaunay. For 
his "epoch-making" researches Hill was awarded 
the Astronomical Society's Gold Medal in 1887, 



GENERAL ASTRONOMY 131 

result has been that according as the principle of 
selection varies, so will the apparent position of the 
solar apex. Bright stars give one value and faint 
stars give another ; stars of one type, so far as 
revealed by the spectroscope, give one result, stars 
of another type, a different one. The stars which 
have the largest proper motions have usually the 
largest parallax on the whole, so that, being relatively 
much nearer, the effect of their actual motion is 
greater, the only actual gain being in the relatively 
less importance of errors of observation. Attempts 
have been made, especially by Professor Kapteyn 
of Groningen, to determine the result by taking 
different regions of the sky each as a whole, but 
there is much the same uncertainty about the final 
figures ; so much so that it has been suggested 
with some plausibility that there are at least two 
systems in the universe moving in different ways, 
and that the problem cannot approach solution until 
these can be separated. It is in this direction that 
much is hoped from the spectroscopic method, on the 
rather arbitrary assumption that stars of one type 
are more likely to belong to one system. 
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tude observations made with instruments of this 
kind by Professor Albrecht and others are a strong 
testimony to the efficiency of the device. A later 
refinement seeks, by an adjustable clock motion, to 
render the observation still more automatic, but is 
not yet perfected. 

Personal equation is, unfortunately, not constant 
in general, but varies with the conditions. Small 
variations have been attributed to the observer's 
attitude, to the time of day, in reference to meals 
and to fatigue, to the time of year, in reference to 
holidays in their effect on general health, and, with 
great justice, to the magnitude of the stars observed. 
Magnitude equation, as it is called, is a peculiar 
form of bisection error, and it is generally found 
that observers are later for fainter stars. It would 
certainly seem worth while to eliminate so variable 
a quantity if it were practicable. 

Another form of personal error is called decimal 
equation. In taking observations to estimated 
tenths of any unit, every figure from o to 9 ought to 
occur with equal frequency in a large number of 
observations ; but it is generally found to be not the 
case, some observers having too great a proportion 
of o and 5, for instance, while the digits set down 
by others have quite a different order of frequency. 

The determination of astronomical constants 
perhaps hardly belongs to this chapter, but it will 
be convenient to refer to it here. The principal 
constants in question are those of aberration, of 
precession and nutation (involving solar motion), 
and of refraction. There are other "constants" 
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it is more usual to collect large quantities of obser- 
vations which were not taken specially, such as 
those of stars common to catalogues of the same 
epoch obtained in different latitudes. It is quite 
possible that refraction tables which are satisfactory 
for one place will not be equally so for another, so 
that it might be well if more attention were 
devoted to this subject in fundamental observatories. 
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number of observations seems to be demanded in 
order to reduce the number of unknown quantities 
concerned. Moreover, an increase in the heat 
radiated from the sun would not necessarily in- 
volve an increase in the heat received at the earth's 
surface, for one of the first effects might be increased 
evaporation, and as this generally means increased 
cloud, a larger proportion of the sun's heat might be 
prevented from reaching the earth. The recently 
established International Union for Solar Research 
will run no risk of failing for lack of work. 

It has lately been doubted by some investigators 
whether the sun's actual diameter is not subject to 
some law of variation. It does, of course, as viewed 
from the earth, appear larger when nearer the earth, 
but apart from this annual variation it is suspected 
that the discordances in actual measures, made by 
different observers, as for instance in the daily 
meridian observations at Greenwich, are not entirely 
due to systematic error depending on the altitude of 
the sun, or to accidental error due to the personal 
idiosyncrasies of the observer or the state of the air. 
It is only reasonable to suppose that changes in the 
radiation of the sun would affect the distance from 
the sun's true surface of the bright masses that we 
actually see, so that there is no inherent improba- 
bility in a genuine variation of the sun's diameter, 
besides that very slow shrinkage which is said to be 
taking place at a rate that would take thousands of 
years to prove. It has been recently stated by Dr 
C. Lane Poor that the polar diameter exceeds the 
equatorial at times of minimum activity, and falls 
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short of it at maxima, but the varying velocity this 
would cause is difficult to trace. 

Mention of the varying distance of the sun 
reminds us of the need for determining that 
distance. We have seen how far this problem of 
the solar parallax had progressed up to the middle 
of the nineteenth century, and how Hansen and Le 
Verrier gave reason to suppose that the definitely 
accepted value derived from Encke's rediscussion 
of the transit of Venus observations of 1761 and 
1769 was incorrect Not many years afterwards, 
their plea for a diminution of the sun's mean dis- 
tance from 95,000,000 miles to about 91,000,000 
miles, was independently supported by the ingenious 
determinations by Fizeau and Foucault of the velocity 
of light by means of revolving mirrors, repeated in 
1874 by Cornu and in 1879 by Michelson of the 
U.S. Navy. The new determination was formally 
adopted in 1864, and Encke's value discarded. 
Astronomers were, however, loth to reject the 
observations used by Encke, and first Powalky 
(1864) and then Stone (1868) rediscussed those 
eighteenth century transits with improved values 
for the longitudes of the stations and using greater 
discrimination in "weighting" the different obser- 
vations, and thus had the satisfaction of deducing 
results nearly in accordance with the newly-adopted 
value. Naturally the fast approaching transits of 
1874 and 1882 were eagerly awaited as offering a 
splendid opportunity of clinching matters and ob- 
taining a result free from suspicion of inaccuracy. 
As early as 1857 programmes and schemes of obser- 
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slightly the probable error of the accepted value 
instead of largely reducing it as had been confi- 
dently expected. In 1877 a favourable opposition 
of Mars took place, and Dr Gill (since knighted, 
and who only in 1906 resigned the important post 
of His Majesty's Astronomer at the Cape) took 
a fine heliometer to the Island of Ascension, and 
observed the position of Mars in reference to 
neighbouring stars, morning and evening, in order 
that the rotation of the earth should provide him 
with the necessary base-line, a device due to Airy, 
but not actually employed before. His result, 
giving a distance of 93,000,000 miles, was re- 
ceived with great confidence and honoured by 
the bestowal of the Gold Medal of the Royal 
Astronomical Society. The size of Mars is, how- 
ever, a disturbing factor, and favourable oppositions 
are comparatively rare ; and bfitter measures were 
considered probable if one of the brighter minor 
planets with a distance not much greater than that 
of Mars were observed instead. Some few deter- 
minations by the " latitude " method, using different 
minor planets, and one by Air/s ''diurnal " method, 
had already been made. 

The transit of Venus in 1882 was not regarded 
with the same enthusiasm as the previous one. 
Some countries practically ignored it, on the ground 
that the 44 minor planet " method was better, cheaper, 
and of more frequent application ; others, though 
intending to observe it, did not adhere to an inter- 
national plan. The ultimate result of all the 
different methods, the photograph, the heliometer, 
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period, the true being some thirty odd hours shorter 
in consequence of the earth's orbital revolution taking 
place in the same direction as the sun's rotation. 
Numerous values of the true period were obtained 
from time to time ranging from 25 to 25 J days, no 
one for two centuries, except Scheiner, letting fall 
any hint as to the period being variable. Scheiner 
noticed that different spots gave different periods, 
the longest he obtained being from a spot in a 
higher latitude. Ultimately, however, it was 
pointed out by C. H. F. Peters in 1855 that a 
careful series of observations made at Naples ten 
years before showed unmistakably that spots were 
not fixed, and consequently could not be expected 
to agree in giving an exact value of the rotation 
period. At this time Carrington, who had been 
building himself an observatory at Redhill with the 
intention of providing from his own observations a 
catalogue of circumpolar stars, took up also* the 
daily observation and measurement of position of 
sun-spots (which had been recommended by Sir 
John Herschel), so that his days as well as his 
nights might find him astronomical employment 
He made the important discovery, hinted at more 
than two centuries before by Scheiner, that the 
period of the sun's surface rotation increases 
from rather less than 2 5 days at the solar equator 
to about 27} days for spots at the highest 
latitude at which they occurred (about 50 ). He 
represented the variable rotation by an empirical 
formula without any attempt to explain the cause. 
He also determined with great accuracy the direc- 
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SOLAR SPECTROSCOPY 



\\ THEN Newton analysed the sun's light by 
* * passing it through a glass prism, and after 
isolating a beam of one colour found that a second 
prism analysed no further, he was taking an early 
step in the vast field of Spectrum Analysis. In a 
small book like this it would be quite impossible to 
do justice to a domain which brings physics and 
chemistry into intimate fellowship with astronomy, 
and under the names of astrophysics and solar and 
stellar chemistry shows vast fields for investigation 
in directions beyond the wildest dreams of the old 
mathematical and dynamical astronomers. It would, 
however, be equally impossible to omit spectro- 
scopy altogether. For our present purpose it must 
suffice to note that spectroscopy in the modern 
sense dates back only to the time of Waterloo, when 
Fraunhofer, the great Munich optician, produced a 
map of the solar spectrum containing hundreds of 
dark lines, measuring and naming the more con- 
spicuous ones with letters of the alphabet still in 
use for the purpose ; for instance, D for a prominent 
line in the yellow part of the spectrum. This same 
D line he found in several of the brightest star- 
spectra. 
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limbs, is sufficient to give a very slight want of 
agreement between spectra from the two limbs 
viewed together, the only lines which fit exactly 
being those due to the absorption by the earth's 
atmosphere (the telluric lines), which are, of course, 
unaffected by the sun's rotation, and which can be 
mapped out by this method. 

The effect of work on these lines by Professor 
Young of Princeton, Langley of Allegheny (after- 
wards of the Smithsonian), Cornu in France, 
Thollon at Nice and others, was to establish the 
validity of the method as one of very great refine- 
ment. It was but a step to apply it to the 
anomalous solar rotation periods of Carrington and 
Sporer. Dun6r, a Swedish astronomer, pushed the 
method far beyond the spot zones, and detected 
a rotation period at 15 from the sun's pole of 38 J 
days as against 25 A days at the equator. His 
results gave rather longer periods than those 
deduced from observations of spots ; in fact it 
appears that the periods are distinct, and, moreover, 
the determination from faculae gives a still quicker 
period than that from spots. This should cause 
no surprise, for the axial rotation effect, being more 
marked where the distance from the axis is greater, 
seems to demand a slackening at higher latitudes 
and also at " lower " levels, and it is by no means 
improbable that the existence of well-marked fre- 
quency zones for spots is only another effect of the 
same cause : the gradual variation with latitude of 
the depth and velocity of different strata. Accord- 
ing to this, solar disturbances might be regarded 
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oxygen exists in the sun, though its alleged dis- 
covery by Henry Draper in 1877 has long been 
disproved. Janssen proved that nearly all the 
oxygen lines in the spectrum were undoubtedly of 
terrestrial atmospheric origin, but a few oxygen lines 
low down in the red have been adjudged to be on 
a different footing. 

A recent development of this spectral analysis of 
the sun has been the study of different layers of the 
sun's atmosphere in monochromatic light, that is to 
say, by using a second slit, so that only a narrow 
portion of the spectrum is able to reach a photo- 
graphic plate, and by allowing the sun's image to 
travel across the first slit while the plate travels 
behind the second slit, thus building up strip by 
strip an image of the sun in, for instance, the K light 
of calcium. Professor Hale, of Chicago, has thus 
obtained very interesting pictures, showing the 
distribution of calcium "flocculi," and the method 
admits of great extension. It is already practised 
with success at South Kensington, and it is hoped 
that the new solar observatory at Mount Wilson, 
California, will in this, as in other ways, largely 
increase our knowledge of this fascinating branch 
of analysis. 

Within the limits of this book it is not practicable 
to enter at any length into the development of 
the various forms of the spectroscope itself. What 
is requisite in all forms is something which will 
separate light of different wave lengths, as widely 
as possible, without too great loss of light. A 
single prism does not give very much separation, 
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plants and animals, the appearance and velocity of 
the " shadow-hands," and many other matters 
provide a programme of great interest, and neces- 
sitate, for completeness, a fairly large eclipse party, 
in addition to the spectroscoptsts and other photo- 
graphers, the physicists who measure the effect of 
the interposed moon on radiation or terrestrial 
magnetism, and the meteorologists who note the 
variation of temperature and humidity. Longer 
and longer grows the programme ; practically 
nothing can be cut out as no longer worthy of 
notice, though "shadow-bands," for instance, are 
generally regarded as a phenomenon of physical 
optics, and it is hinted that they, as well as the 
celebrated "green flash," can be produced under 
other conditions than in the one case, a total 
eclipse, and in the other, the setting or rising 
sun. 




CHAPTER XX 



THE MOON 



THE moon, though nearer the earth than any 
other celestial body, and regarded as our own 
peculiar property, has from time to time suffered 
from a strange lack of interest among astronomers. 
Even Herschel did practically nothing in that direc- 
tion, though very little else escaped him. We have 
noticed the progress of the theory, and now come to 
observation. As regards the position of the moon, 
it has for a very long time been considered the 
peculiar prerogative of the Royal Observatory at 
Greenwich to observe the moon on every possible 
day, the long series thus accumulated from 1750 
or thereabouts providing a rich store of material for 
the completion or, at any rate, improvement of the 
lunar theory. As it is impossible in general to 
observe the moon on the meridian at Greenwich 
within three hours of noon, on account of its relative 
faintness against the bright sun-lit sky, it has been 
for more than half a century the practice to observe 
it off the meridian with an altazimuth for all possible 
days when the meridian instrument could not for 
the above reason be used, and also on sufficient 
days, often the whole month, when both instruments 
were available, for the sake of comparing the two 
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It was noticed, however, that the diameter of the 
moon, as deduced from occultation, was less than 
that obtained by direct measurement. Airy, from 
Greenwich observations, made the difference amount 
to four seconds of arc. If this could be attributed to 
refraction, the effect could be produced by a lunar 
atmosphere of Herschel's suggested tenuity. But it 
is not necessary to assume refraction to account for 
the difference. It is known that when the moon's 
limb appears best defined for purposes of measure- 
ment, it is apparently increased by irradiation, so 
that the best direct measures are too large. On the 
other hand, occultations will often, and, therefore, 
in the mean, give a smaller diameter, as the 
irregularities in the moon's limb are considerable, 
and any depression at the point where an occultation 
takes place has its full effect on the apparent 
occultation diameter, while it has none on the 
direct measure, and in the complementary case of 
a slight protuberance on the limb, both observa- 
tions are affected. So that from this cause also 
the "occultation" diameter would appear the 
smaller. What is called the "eclipse" diameter, 
on which depends the magnitude and duration of 
a total solar eclipse, is smaller still, most likely 
because every depression in the limb has its effect 
in letting sunlight pass, and so slightly shortening 
the duration of totality. This difference is readily 
illustrated by likening the apparent disc of the 
moon to a solid toothed wheel, the directly 
measured diameter being rather greater than that 
of the circle circumscribed about the teeth, the 
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indefinitely postponed, and we need not dwell on it 
further. Neither need we pay much attention, from 
the astronomical standpoint, to the question of what 
is at the centre of the earth. H alley s idea of a 
solid nucleus is gaining ground steadily, but it was 
not suggested as an astronomical speculation, but in 
order to account for the observed difference between 
magnetic and true north, his notion being that the 
magnetic poles indicated the rotation axis of an 
inner solid. And yet in another form this very 
question of the earth's interior has become of great 
practical interest to astronomers, though it is not 
the question of solidity but rather of rigidity that 
supplies the interest. It was long the custom to 
consider the earth in problems of dynamics as a 
perfectly rigid body. The small value of the 
observed precession and nutation were strong evi- 
dence that the earth's crust is not a thin shell, as 
otherwise it would respond in a much greater degree 
to the luni-solar attraction on the protuberant part 
round the equator; and though this argument, ad- 
vanced by Hopkins in 1839, led to some contro- 
versy, it being urged by Delaunay that the internal 
fluid being viscous and the motion slow, no such 
increased effect would be expected, Hopkins 9 con- 
clusion as to the earth's external solidity received 
confirmation from another direction, the theory of 
tides. One of Lord Kelvin's numerous contribu- 
tions to science was the deduction that, since tides 
are obviously perceptible, they cannot be shared in 
anything like an equal degree by land and water, as 
they would be if the earth were not rigid to a consider- 

N 
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behind many other nations, but these are outside 
our purpose. The determination of differences of 
longitude between fixed stations is certainly a matter 
of astronomy ; at one time these were dependent 
on chronometers transported from one place to the 
other, the error and rate of the chronometers being 
determined by astronomical observations. The in- 
vention of the electric telegraph superseded this 
method, and led to the practice of observing a set 
list of stars on the meridian at each station on the 
same nights, comparing the clocks by electric sig- 
nals through the telegraphic system, and subse- 
quently interchanging observers at the two stations, 
in order to eliminate any systematic personality. 
In this way the difference of longitude, Greenwich- 
Paris, has been determined again and again, with a 
small difference between the English and French 
determinations; the difference, Greenwich-Montreal, 
once in recent years, by means of intermediate sta- 
tions at Canso (Nova Scotia) and Waterville (Ire- 
land), to divide the distance into what are practically 
two land sections and the Atlantic cable, though 
of course the Greenwich - Waterville section also 
includes a submarine cable. A great arc of longi- 
tude has been also measured by the officers of the 
Indian survey to connect their system with the 
European, and more important than all, the labours 
of the German bureau, under Professor Albrecht, 
have practically completed a ring of determina- 
tions round the earth by way of Japan and North 
America, all made with exactly similar instruments. 
It is in connection with this work that the Repsold 
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THE INTERIOR PLANETS 



IV/fODERN advances in planetary observation 
iV± are con fi nec ] to comparatively few channels, 
and the most attractive of these, in the case at any 
rate of the larger planets, has been the rotation. 
Schroter worked for thirty-four years at Lilienthal 
before the catastrophe of 1813, when French troops 
pillaged and destroyed the place and ruined the 
observatory, many of Schrtfter's manuscripts perish* 
ing in the conflagration of the Government offices 
(Schroter was chief magistrate of the district). 
During this time he observed the surfaces of the 
planets, as well as of the moon, with a care and 
perseverance never before devoted to them. He 
inferred the existence of a fairly dense atmosphere 
on Mercury from the relative faintness of the 
" terminator," the boundary of the illuminated por- 
tion of the planet, and also from an appearance like 
a bright halo round the disc when seen in transit 
across that of the sun, giving a shaded rim to the 
dark disc At different transits this appearance has 
been seen by some observers and absolutely denied 
by others, so that it is generally considered to be an 
optical phenomenon. Photometric observations of 
the partial phases have tended to show that light is 
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him to assume an atmosphere, but Lowell, in the 
clear air of Arizona, has since verified Schiaparelli's 
conclusions as to the rotation, but carries the analogy 
with the moon still further by pronouncing Mercury 
an airless, dead planet, with a surface cracked in 
cooling untold ages ago. 

Although we have begun this chapter with Mer- 
cury as the planet nearest the sun, we must not 
forget the possibility that this may not really be the 
case. The anomalous motion of the perihelion of 
Mercury has been a stumbling-block to the universal 
satisfactoriness of the law of gravitation, and one 
suggestion, worked out by Le Verrier on analogous 
lines to the analysis by which he had predicted 
Neptune, was that there was a planet nearer the sun 
than Mercury, whose action would account for the 
anomaly. 

Six months before the announcement of this 
hypothetical planet to the Academy of Sciences, a 
provincial French physician named Lescarbault had 
at last succeeded, after years of patient watching, in 
seeing a round object slowly traversing the sun's 
disc Hoping to see it again, he said nothing until 
after the publication of Le Verrier's result, but then, 
in spite of snubbing and severe cross-examination 
from Le Verrier, who hurried down to see him as soon 
as he heard of the supposed discovery, he succeeded 
in convincing the great man of the accuracy of his 
observation, and an orbit was approximately com- 
puted for the alleged new planet, to which the name 
Vulcan was assigned. It has never been seen since, 
though similar appearances were collected and in* 
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just over 23 J hours. Schiaparelli, however, noted 
that certain bright spots apparently remained 
always at the same distance from the terminator, 
and hence concluded that like Mercury and the 
moon, Venus also keeps the same face always 
turned to its primary, or in other words its rotation 
and revolution periods are identical. This gives a 
rotation period of 225 days, very different from the 
results of Cassini, Schroter, De Vico and others. 
But the case was not considered so certain as that 
of Mercury. It was at once suggested that a spot 
appearing at the same place on consecutive days 
did not negative the possibility of a whole rotation 
in the interval, and though this particular objection 
has been met by a pair of practically identical 
drawings made on the same day in 1877 by 
Schiaparelli at Milan and Holden at Washington, 
with an interval in actual time of eight hours, yet 
there are not wanting modern observations in 
support of the quick rotation period. Such well- 
known names as Perrotin (Nice), Tacchini (Rome), 
and Lowell are on the side of Schiaparelli ; but on 
the other side may be found almost equally careful 
observers, in support of whom may be cited 
B61opolsky's attempt to test the matter spectro- 
scopically in 1900, which apparently confirmed the 
short rotation period. But more recently, in 1903, 
a similar method in the hands of V. M. Slipher, 
working at Lowell's Observatory, Flagstaff, Arizona, 
gave no evidence of a quick rotation. It was 
objected that this was only negative evidence, but 
the same method applied to Mars gave a result 
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right round the planet, which could hardly be the 
case unless distinctly more than half the planet 
were illuminated The dull light occasionally seen 
on the dark portion of the disc cannot be explained 
by earthshine, as is the case with the corresponding 
lunar phenomenon. Much of the evidence on this 
subject is to be found in the various transit of 
Venus observations, where the effect of an atmos- 
phere is very marked And yet there is evidence 
that considerable irregularities are also seen on the 
surface. We need not accept Schrdter's mountain 
of 27 miles in height, but careful observers such 
as De Vico and Denning have confirmed the 
existence of formations similar to those on the 
moon. It appears then that there is an atmosphere 
which twilight observations indicate as being of 
considerable depth, and that we can nevertheless 
see mountain' formations through it On the other 
hand, comparison with Mercury, considered as an 
airless planet, shows Venus to possess so high a 
light-reflecting power <5r albedo that it has been 
suggested that no solid body could be so bright, 
and that what is seen is an atmosphere charged with 
clouds, or possibly snow. It seems evident that more 
work remains to be done to enable a satisfactory 
decision to be made. Can it be that the main 
portion of the visible surface is simply a cloud 
world veiling the planet beneath except for a few 
lofty snow-covered peaks occasionally rising above 
the clouds? It is true that maps of Venus have 
been produced by Lowell, for instance, showing 
markings of an indefinite character, of a spoke-like 
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MARS 



TH E planets between us and the sun are by reason 
of their position less favourably placed for ob- 
servation from the earth. We now turn to the outer 
planets, and are almost bound to commence with 
Mars, though, as we have already seen, Mars is not 
quite the nearest at all times. The value of Mars 
in the history of astronomy is very great. It is 
impossible to conjecture how much longer the world 
would have had to wait for the laws of motion 
enunciated by Kepler but for the considerable 
eccentricity of the orbit of Mars, which was sufficient 
to preclude the possibility of a circular orbit. When 
Venus is nearest the earth it is only the dark 
hemisphere that is turned towards us, but with 
Mars nearest it is the bright hemisphere that is 
seen, so that long spells of observation at night are 
frequently possible. It was once considered that 
the red colour of Mars denoted a dense atmosphere, 
corresponding to the foggy conditions under which 
the sun appears red to us ; but this has long since 
been disproved. Observations of Mars and com- 
parison stars for determination of solar parallax have 
been already noted, and we may now confine our 
attention to questions concerning Mars alone, which 
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that no surface detail of Mars would be seen except 
in the vaguest manner, but for the great tenuity of 
its atmosphere compared with ours. 

The spectroscope in recent years shows an almost 
total absence of water absorption, though traces 
have been noted by Huggins and VogeL This 
feature, though partly to be expected on account of 
the smallness of absorption due to so slight an 
atmosphere, is also regarded as evidence of a con- 
siderable lack of water on Mars altogether. The 
melting of the " polar caps," which sometimes is 
complete, a very different state of things to that 
which obtains on the earth, seems to point to a 
temperature far higher than the theoretical mean 
temperature (some 30° below zero Fahrenheit, 
according to Christiansen). But it has been freely 
surmised that the " polar caps " are not of snow, but 
of solid carbonic acid, with a much lower melting 
point ; if so, not only would the one anomaly be 
plausibly explained, but also the similar one of the 
apparent absence of " frost " beyond the polar 
regions at all times, for once more we can appeal 
to the investigators of solar radiation, of whom 
Angstrom finds a very high value for the heat- 
absorption of carbonic acid gas. It would seem 
possible that the so-called " theoretical " tempera- 
ture, deduced from the distance and albedo of Mars, 
is absolutely unreliable, and that, owing to the 
relative preponderance of carbonic acid instead of 
water vapour, Mars may retain comparatively more 
heat than the earth. But we shall note further 
suggestions bearing on the comparative dryness of 
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the planet Among the many careful delineators of 
the features discernible on the very small disc, which 
only at "favourable" oppositions, occurring about 
once in fifteen years, reaches an apparent diameter 
nearly one-seventieth part of that of the sun or 
moon, the first associated with an important dis- 
covery in more recent times was Schiaparelli, who 
in 1877 discovered what have ever since been 
called "canals" (the Italian word really means 
" channels "), a network of more or less straight 
divisions, extending from "sea" to "sea" across 
what had been regarded as " continents/' but which 
might now be considered " islands." The erroneous 
use of the word " canal " gave rise to conjecture that 
the divisions were actual irrigation canals by which 
the melting of the " polar caps " was made available 
for the spread of vegetation. The size, however, 
some of them being three or four thousand miles 
long and about sixty miles wide, seemed conclusive 
against this hypothesis. In the winter of 1881-82 
the planet, though further off, was much higher in 
the sky for observers in the northern hemisphere, 
and Schiaparelli made the astonishing discovery 
that many of the "canals" were double, a com- 
panion running parallel at a distance varying from 
200 to 400 miles. Much ingenuity has been applied 
to the explanation of this phenomenon, either as 
an illusion or a reality. It has been attributed to 
refraction or some kindred optical cause. Professor 
Lowell has written a celebrated book on Mars 
strongly supporting the theory of the "canals" 
being artificial irrigation works; and maintaining, 
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direction of Neptune's equatorial plane was cor- 
roborated by Dr See's announcement of very faint 
bands seen in the Washington equatorial, but 
Barnard could not see anything of the kind with 
either of the great telescopes of Lick or Yerkes. 
See has also calculated a compression of A and a 
period of rotation of nearly thirteen hours from a 
discussion of more recent data. 

Systematic photographic measures of Neptune 
and its satellite have for some time been regularly 
taken at Greenwich, and these promise in a few 
years' time to resolve definitely some of the 
uncertainties of the system. In order to photograph 
the satellite a length of exposure is required that 
would be far too long for Neptune, whose image 
would spread so that the photograph could not be 
measured. But by means of an occulting shutter, 
which cuts off the light of Neptune from the plate, 
the planet is given only a short exposure, and the 
satellite a much longer one, and the resulting 
images can be measured with great accuracy. 

From the fact that some periodic comets go out 
as far as Jupiter's orbit, and others as far as 
Neptune's, while yet others go further still, it has 
been conjectured that these last indicate the 
existence of one or more planets beyond Neptune. 
Professor Forbes of Edinburgh has computed 
elements for one such possible planet with a period 
of about 1000 years, and suggested another with a 
period five times as great Moreover, Professor 
Todd, from the residual errors of Uranus after the 
effect of Neptune was eliminated, computed by 



CHAPTER XXVI 



THE SOLAR SYSTEM 



IT may be as well at this point to refer once more 
to the subject of evolution touched upon in an 
earlier chapter, and to indicate briefly some of the 
lines of conjecture whose consideration would have 
seemed premature before dealing with the planets 
themselves. The researches of Professor Darwin 
in particular, on tides and tidal effects, supply 
possible explanations for many of the apparent 
anomalies of the system. On the hypothesis of 
Helmholtz, now generally admitted, that the sun's 
heat is maintained by very slow shrinkage in 
volume, reasoning backwards through long aeons 
suggests a time when the sun was enormously more 
vast in extent, so that even apart from the nebular 
hypothesis the effect of solar tides was conceivably 
far greater than it is now. But the direct effect of 
tidal friction on a rotating satellite is proved to be 
to retard the rotation until its period becomes equal 
to that of revolution. This effect, familiar in the 
case of our own moon and recognised in several 
other instances, supplies a reason for some of the 
diversities of the planetary systems. Laplace's 
theory of portions of rotating nebula successively 
breaking off from the main body, owing to the too 
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and to be often associated in pairs. This tendency 
is not confined to red stars, but is found in many 
groups in the sky, the late R. A. Proctor having 
collected evidence of what he called " star-drift " in 
several regions, one including five of the seven stars 
in the Plough. But one particularly interesting 
phase of colour observations is associated with 
binary stars, the next subject that comes under our 
observation, postponing the general question of 
stellar distribution. 



CHAPTER XXX 



VARIABLE STARS 



WE have noted the gradual widening of the 
field of variable star observation, from the 
isolated "new stars" of Hipparchus and Tycho 
Brahe to the discovery of variables of long and 
short periods, of Mira, of Algol, and of the anomal- 
ous i} ArgCks, and incidentally remarked on the 
binary character of eclipsing variables like Algol, 
indicating the spectroscope as a valuable aid in this 
as in other fields of investigation. It must suffice 
for the earlier period, when this branch was of very 
slight importance, to note that the increase in photo- 
metric accuracy realised by Argelander in preparing 
the Bonn Durchmusterung, in all cases insisting on 
grading not in " magnitudes " but in tenths of a 
magnitude, was responsible for the quicker recog- 
nition of smaller variations hitherto unnoticed, and 
indirectly for the attraction of many enthusiastic 
workers into a field suddenly become one of great 
promise, and not requiring necessarily great optical 
power. It was not until 1880 that Pickering pub- 
lished a classification of variables, according as their 
variation is — (1) non-periodic, (2) great and slow, 
(3) irregular, (4) quick and in general small, or (5) 
of an eclipse character. It has been claimed that 
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The latest catalogue, the Second Harvard Cata- 
logue of Variable Stars, contains 1791 variable 
stars in the Magellanic clouds, and 1957 elsewhere, 
showing the enormous recent progress now being 
made in this subject. 
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research into the possibilities of radio-activity may 
supply a clue. 

The Milky Way, stretching with hardly a break 
all round the heavens, though for some distance 
divided into two branches, suggests an obvious 
plane of reference in celestial distribution, and one 
of the first theories of the universe, the " grindstone 
theory" of Thomas Wright of Durham, 1750, 
assumes that the condensation of stars in that 
region indicates the shape of the universe, our 
system being supposed to lie in the interior of a 
disc-like aggregation of separate bodies, which 
naturally appear more thickly strewn in the plane 
of the disc. Kant's idea involved a plurality of such 
systems, regarding nebulae as " island universes/ 9 
each with its own Milky Way. 

New comb's counting of stars in various regions 
points to the result that the fainter the stars con- 
sidered the greater is their crowding in the Milky 
Way compared with the rest of the sky. Moreover, 
gaseous nebulae, novae, and stars of certain spectral 
types, in general the more photographically bright 
stars, appear more frequently in the Milky Way than 
elsewhere. The conclusion that the Galactic plane 
denotes the direction of greatest extension of our 
universe is almost inevitable. At the same time 
analysis of proper motions suggests to A. S. 
Eddington at least two distinct universes, so to 
speak, moving in different directions. A similar 
idea has appeared before in the guise of a sugges- 
tion from Gill and Kapteyn that the brighter stars 
as a whole showed rotation with regard to the 



CHAPTER XXXII 



STELLAR SPECTROSCOPY 



A FULL account of the growth of stellar 
spectroscopy would take us too far from the 
purpose of this little book, and it is not easy to find 
a suitable place to consider it as a whole. It has 
been necessary to refer to spectroscopic inquiries 
in connection with various problems, and to quote 
such matters as spectral types, which should per- 
haps have been explained in an earlier chapter. 
It seems advisable to deal briefly with this matter 
in a separate chapter, instead of overloading the 
text with footnotes. We may here repeat the 
elementary propositions, implied in our notices of 
solar spectroscopy. A continuous spectrum infers 
incandescence of a body, either solid or divided 
into solid particles, or gaseous if non-transparent 
A spectrum of bright lines denotes an incandescent 
gaseous transparent mass. If an incandescent body 
is surrounded by a cooler gaseous atmosphere, as in 
the case of the sun, we have the effect of absorption, 
the continuous spectrum being crossed by dark lines 
in the positions in which the surrounding gas, if 
alone, would show bright lines. A gaseous mass 
under pressure presents an irregular spectrum 
partly bright and partly shaded. It is evident, 
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and an emission spectrum, denoting glowing gas 
under peculiar pressure conditions. This is one of 
the types almost confined to the Milky Way. 

H. C. Vogel of Potsdam, formerly of Bothkamp, 
introduced sub-divisions of these classes, merging 
the Wolf- Ray et stars into the second class. 

Thus la is as described above for the first type, 
lb is similar, but the hydrogen lines are 

missing. 
Ic shows both hydrogen and helium lines. 

This class also is more frequent in the Milky Way. 
Similarly Class II. is in two divisions, the second 
containing the Wolf- Ray et stars. Class III. is also 
divided according as the bands are more prominent 
at the red or violet end. It will easily be inferred 
what is meant by Sirian, Solar, Antarian, and 
Helium stars. 

A far more complete classification has been 
adopted for use in the Draper Memorial Catalogue, 
Miss Maury having recognised that the boundary 
between one class and another was often no more 
prominent than variations among stars ascribed to 
one class. This Harvard sub-division is more 
minute therefore, and the number of groups is 
twenty-two, each subdivided into classes. Five of 
the groups belong to a helium type called Orion 
stars, as most of the bright stars in that constella- 
tion belong to it ; they are rich in hydrogen lines, 
but show also nearly a hundred others mostly not 
identified with any known elements. In addition 
to all these gradations are many stars assigned 
to a convenient temporary class, called stars 
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spectroscopy of terrestrial substances in the labora- 
tory. And with it all vast problems yet remain. 
The more we learn the more there is behind, and 
the more fully is recognised the necessity for co- 
operation, to lessen the waste of time involved in 
needless overlapping, to guard against the omission 
of sections, to ensure that economy with efficiency 
shall not be a mere parrot-cry. The principles of 
the Astrographic Conference, and of the Inter- 
national Solar Union, have already extended into 
stellar spectroscopy, which has not yet seen its 
jubilee. 
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hundred that, of a possibly infinite number of stars 
in a straight line, the nearest one should be shining ; 
in other words, there is only one chance in a hun- 
dred that a star will be seen in any particular direc- 
tion. The hundred is only given for convenience 
of illustration, a million would be equally probable 
or improbable, as we have no data by which to 
test it 

This illustration is not given as a serious effort to 
combat the idea of a "finite" universe. It is a 
practical impossibility for the mind to grasp the 
conception of a universe finite or infinite The 
intention is rather to show the inherent weakness 
of many abstract speculations. Some generalisa- 
tions are definite and unmistakable. The visible 
universe is almost symmetrically divided by the 
Milky Way, where Helium and gaseous stars and 
nebulae do congregate, while other nebulae are rare, 
so that it may easily be regarded as the funda- 
mental plane of the universe. We may be, as some 
maintain, practically in the centre of the space 
bounded by the galaxy. Even if so, it seems the 
wildest speculation to suggest with Dr Wallace that 
the solar system is the only system and the earth 
the only planet in that or any other system, fitted 
for the abode of man. Shifted a billion l miles in 
any direction, we should still be in the centre, but 
it is not so certain that we are. 1 Newcomb pro- 
poses a reference to the astrographic survey when 
completed, to decide this question. Easton, follow- 
ing out Keeler s pregnant suggestion, sees in its rifts 

1 An English billion, i,t. a million million* * See p» 997. 
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